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Sign generating apparatus.

@ A sign generating apparatus comprises a keyboard for
entering first sign data and second sign data, a processor for
supervising the data input during intervais, and a cutting
apparatus for cutting a first sign based on the first sign data
and a second sigh based on the second sign data. The pro-
cessor is programmed to supply cutting vectors to the cutting
apparatus in between the intervals in which it supervises the
data entry so that the cutting apparatus is capable of cutting
the first sign while the second sign data is entered through
the keyboard. The processor is also programmed to deter-
mine the layout of the second sign and supply cutting vectors
1o the cutting apparatus in an overlapped manner. The pro-
cessor is also programmed to supply display vectors to a
graphics controller and supply cutting vectors to the cutting
apparatus in an overlapped manner.

Croydon Printing Company Ltd.
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BACKGROUND OF THE INVENTION

The invention relates generally to sign gen-
erating apparatus and processes and deals more parti—
cularly with an efficient sign generating apparatus which
is capable of cutting a sign while interacting with an.
operator to define the layout of another Slgn or perform
other operations. ‘

A previous sign generating apparatus is
disclosed in U.S. Patent 4,467,525 to-Logan and Sullivan
whlch patent issued on August 28 1984 1s a551gned to
the assignee of the present 1nvent1on and is hereby
-incorporated by reference as part of the present dis-
‘closure. The '525 sign generatlng apparatus compr1ses a
web feeder, a tool to selectlvely plot 51gn characters on-
plottlng paper or cut 51gn characters from sign gener—
ating stock while the web is fed and a system micro-
processor programmed to direct the cutting and plotting
operations according to data input by an operator. fhe
data may include a font type, a line height and a line of
sign text. The font provides vectors detining the

character shapes, a standard width of each character and
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a standard space between the characters. After the data
entry, the system microprocessor determines sign vectors
based on the font vectors and other data input by the
operator and transmits the sign vectors to a machine
controller whiéh also includes a microprocessor. The
machine controller converts the sign vectors to servo
commands and transmits -them to Xfahd Y drive motors which
are responsible for relative motion between the cutting
or plotting tool and the web material to trace the de-
sired sign. Often the operator directs the micro-
processor to plot the sign on plotting paper to check the
appearance of the sign texﬁ'before the relatively expen-
sive sign generatjng,sto&k,ié Qtilized. If the operator
is dissatisfied with ;he sign appearance, then he or she
can enter new data into the system microprocessor de-
fining another shape or size of sign text. The data
entry, sign layout, and testing processes may be repeated
additional times if deéired.

After the'opérator'arrives at a satisfactory
sign text appearance, the-opefator may direct the system
to cut one or more sets of the charaéters from the sign
generating stock. If'ﬁanj sets of chafacters are de-
sired, then the cutting process may require a significant
amount of time and during such cutting time, the operator
may be idle because the '525 system is not equipped to
interact with the operator to define the shape and size
of text of another sign during the cutting process.

Accordingly, a general object of the present



“ fﬁtvén.t:;i!oh is to provide efficient sign generating app3 50800
atus and processes for cutting a“firstisign while inter-

acting with an operator to define the layout of a secoﬁd

sign.

A more specific object of the present invengion
is to provide sign generating apparatus and and processes
of the foregoing type which are also capable of calculat-
ing the layout of the second sign or displaying the
second sign layout on a video monitor dufing the cutting
of the first sign so that the operator does not have to
wait while the first sign is being cut before proceeding
with the second sign data entry and layout.

Another specific object of the present invention
is to provide sign generating apparatus and processes Of.
the foregoing types which do not have a large computer
requirement. .

- Still another specific object pf‘;hé present
invention is to provide sign generating apparatus énd
processes of the foregoing types. which require only one
bank of fonts to support both the laying out, displgying

and cutting operations.

SUMMARY OF THE INVENTION

The invention resides in an efficient sign
generating apparatus which is capable of cutting a sign
while interracting with an operator to define the layout

of another sign. The apparatus comprises a keyboard for
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entering first sign data and second sign data, a pro-
cessor for supervising the dataréﬁtry, and a cutting
apparatus for cutting a first sign based in part on the-
first sign data and a second signrbased in part on the
second signrdata. The pfocessor is programmed to supply
cutting vectors to thercutting apparatus in hetween the
intervals that the prbcessct supervises the data entry so
that the cutting apparatus iS'abie to cut the first sign
while the data defining the second sign is entered
through the keYboérd; |

According to one feature of the invention, the
cutting apparatus generates an interrupt signal when it
requires a cuﬁting vector further define its cutting
course and t:ansmits the interrupt signal to the pro-
cessor means. The processor méans is programmed to
recognize the interfupg signal énd'interrupt what it is
currently doing toicaléulaté and transmit such a cutting
~vector to the cut:ing apparatus. Afterwards, the pro-
cessor returns to what it was doing before the inter-
ruption.

According to another feature of the invention,
the processor isrprogrammed to determine a first sign
layout according to the first sign data and a second sign
layout according to the second sign data. While the
processor determinesrthersecond sign layout, it is pro-
grammed to respond to interrupts by the cutting appar-
atus, supply suitable cutting vectors, and then return to

its determination of the second sign layout.



According to another feature of the inventiop,zsosoo
the sign generating apparatus includes a video display to
display the sign layouts before cutting. The‘pro;egsor
directs the display and is progfammed to respond to
interrupts by the cutting apparatus to supply cutting
vectors in overlapped relation with its direction of the
video display. |

The invention also resides in related processes.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a perspective view of aﬂsign gener-
ating apparatus in which the invention is embodied.

Fig. 2 is a fragmentary sectional'view of the
sign generating apparatus of Fig. 1 showing a tool head
and a material feeding assembly. |

Fig. 3 is a block diagram schematically»illﬁ-
strating ele¢tronic circuitry within the sign genera£in§
apparatus of Fig. 1.

Fig. 4 is a flow chart iliustrating.a data entry
process implemented by a systemvmicroprocesso; wi£hin the
sign generating apparatus of Fig. 1.

Fig. 5 is a flow chart illustratingva sign
layout subroutine implemen;ed by the system_micro—

processor.

¥
Fig. 6 is a flow chart illustrating a video
display subroutine implemented by the system micro-

processor.

Fig. 7 is a flow chart illustrating a process
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implemented by a machine controller mieroprocessor to
control a chtting machine of the sign generating appar-
atus of Fig. 1.

Fig. B is a state diagram illustrating a sub-
routine implemented by the system microprocessor when
servicing the nghine controller.

2

DETAILED DESCRIPTIONVO? THE PREFERRED EMBODIMENT

Turning now to the figu;es, Fig. 1 illustrates a
sign generating apparatus, generally designated 10 in
which the invention is embodied. Thé apparatus 10
includes a keyboard 16 for entering data defining a
desired sign, and a computer controller 11 for super-
vising the data entry, determining a sign layout based on
the data, and controlling a sign cutting operation. The
apparatus 10 also includes a cutfing and plotting machine
15 for cutting or plotting the layed out sign, and a CRT
or video monitor 13 f@r instructing the operator how to
use the systeﬁ during the data entry pﬁase and for dis-
playing a layed out sign prior to cutting.

As shown in Figs. 1 and 2, the cutting and
plotting machine 15 comprises a cutting and plotting tool
head 12 which is slidabiy mounted on a guiderail 14. A
Y-servomotor 86 and a,pulléy assembly 87 is coupled to a
tool head carriage 19 and moves the tool head 12 later-
ally of the web M. The web M is fed longitudinally of

itself under the cutting and plotting head 12 by means of
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a feed roller 20 having feed sprockets 22,22 at opposite
ends which feed sprockeﬁs have teeth 23,23 for engaging
corresponding sprocket holes in the web material M. The
feed roller 20 is rotably driven by means of an
X-servomotor 80. Both servomotors 86 and 80 are con-
trolled by command signals from the computer controller
11. Two dimensional characters and designs are formed by
composite ﬁovements of the tool head 12 laterally of the
web and of the web material longitudinally of itself.
During éutting operations, a knife 50 is installed in the
tool head 12 and sign generating web material is loaded
into the machine 15. buring optional plotting opera- -
tions, a pen or pencil'and a paper web are substituted.
For‘a further descriptionzofgéompdnents of the apparatus
10, reference may be made to U.S. patent 4,467,525 to
Logan which was incorporated by reference above and to
U.s.‘patént application serial no. 857,849 entitled
APPARATUS AND METHOD FOR AﬁTOMATIC LAYOUT OF SIGN filed
April 30, 1986 by Wood and Logan which is also assigned
to the aséﬁgnee of the present invention and hereby
incorporated by reference as part of the present dis-
closure.. |

Focusing now on the preseﬁt invention, Fig. 3
illustrates cifcuitry of the‘computer‘controlrer 11 and
other coﬁponents. The keyboard 16 is a 'standard
alphanumeric keyboard and includes an encoder 29 which
converts each keyboard entry to a cbrresponding digital

signal. Through the keyboard 10, the operator may enter
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sign text, sign parameters such a font type, text line
heights and a spatial factor or fixed margin sizes, a
number of signs to be cut accbrding to one layout, and
commands such as "layout sign", *display si§n" or "cut
sign". The spatial factor indicates a desired level of
openness to the overall éign appearance and it effects
such dimensions as the margin sizes and spacing between
the characters and linesrof text asrdiscussed in gher
aforesaid U.S. pateht application serial no. 857,849.

The apparatus 10 ordinarily includes a plurality of fonts
96,98...100 which fonts define the shape of characters of
the sign text and the'standafd'spacing between them, and

provides such information in the form of vectors. The

" system microprocessor 80 accesses the fonts selected by

the operator through a font memory mapping controller 93
which addresses the selected font via a common bus
arrangement.

The encoded signals aré supplied to an operator
interface 19. Although the operator interface 19 is
shown apart from a system microprocessor 80 in Fig. 3,
this is only schematic because in a preferred embodiment
of the inven;ion the operator interface is actually a
subroutine within the system microprocessor 80 which
subroutine supervises the entry of data. The operator
interface periodically reads the encoder 29, and if the
encoder presents data, stores the data in a set-up buffer
74. The operator interface 19 also supplies a menu on

the video monitor 13 via an alphanumeric controller 81



- 10 - .. 0250800

and also recalls previdusly entered data for display when
commanded by the operator.

After the operator inputs a full set of data
defining a sign layout, he or she may institute the sign
layout command to difect the system microprocessor 80 to
determine a sign layout based on the text and parameter
data and a layout algorithm such as described in the
aforesaid patent application or other algorithm. The
layout algorithm may determine parameters defining the
maréin sizes, spacings of the sign characters and po-
sitioning of the lines of text, which parameters are also
stored in the set up buffer 74. The system micropro-
cessor 80 also utilizes the parameter data to determine
vectors which define one or more optional sign borders or
other designs on the sign. By way of example, if un-
interrupted, the sign layout algorithm may require 200
milliseconds to complete according to the aforesaid
patent application, although-other layout algorithms may
be used instead.

' Alsd by way of example, the system micropro-
cessor is a 16 bit model Z8002 and is programmed to
participate in the display of the sign layout on the
video monitor 13. Once commanded to display a sign
layout, the graphics controller 83 is supplied with
vectors from the microprdcessor 80 as fast as the micro-
processor 80 can generate them and and converts the
vectors to scan signals which'control the picture tube

within the video monitor. By way of example, the micro-
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processor B0 is capaﬁle of transmitﬁing a vector every 70
microseconds to the gfaphiCs'controller 83. The graphics
controller does nog have any storage capability and so,
converts the vectors to scan signals as it receives the
vectors. In the event, as discussed below, that the
transmission of such vectorsrfrom the system micro-
processor 80 to the graphicé controller 83 is inter-
rupted, the graphics controller 83 is equipped to re-
peatedly refresh the screen with éignals derived from the
previously transmitted vectors until the microprocessor .
transmits new vectors to complete a video image.

After the operator views the sign layouf on the
video monitor 13, the operator can change the data if
dissatisfied with the sign layout or can command that the
text and operator entered pafameters and other parameters
calculated in the layout algorithm be transferred to a
plottér buffer 102 and tﬁat'one or more signs according
to the data be cut by the machine 15. The plotter data |
buffer 102 is capable of storing many sets of sign data
and by way of example, comprise a random access memory.
When commanded to institute a cutting or plotting opera-
tion, the system microprocessor 80 trahsmits plotter
vectors, similar to those transmitted to the graphicé
controller 83 one at a time to a machine control
processor 110 to direct cutting or plotting operations.
The machine control processor 110-also includes a micro-
processor which, by way of example, is a 16 bit model

8002 and is programmed to convert the plotter vectors to
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servomotor commands which control the X ﬁotor 80 and Y
motor 86 éo move the feed roller 20 and'web materjal M in
such a manner as to cause the cutting or plotting instru-
ment to trace the desired characters, sign borders or
other sign desigﬁs. Along with these vectors, the micro-
processor transmits other control signals.to the machine
control processor 110 which direct the lowering ang
raising of the cutting or piotting tool by an appropriate
actuator and rotation of the knife to maintain it tangenﬁ‘
to the line of cut. The ﬁachine control processor 110
includes a buffer 111 to store a mulﬁiélicity of the
plotter vectors transmitted by the system microprocessor
80. By way of exampie. the buffer 111 when filled
contains enough vectors to direct up to many secondg of
cutting or plotting motion depending on ihe number of
turns in the motioﬁ. If the:sign contaipé many suqﬁ
turns, then the vectors are utilized rapidly to direct
the tool movement and the bufféi may be dissipated
quickly.

To provide smoothutransitions andﬂcontiﬁuous
traces in a cutting or plotting operation and to expedite
the operation, it is desirable that the buffer of thg
machine control processor not run out of plotter.vectors
until the sign is completely cut. To this end, the
machine control processor'is programmed, as described‘in
more detail beléw, to request plotter yécﬁp;s oﬁe at a
time from the system microprocéssof 80 whenever the

machine control processor has room available in its
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buffer; By way of example, it may require 1-2
milliseconds for the system microprocessor R0 to respond
to a request and calculate and transmit a vector to the
machine control ptocessor 110.

The system microprocessor 80 isrprogrammed to
provide several routines or subpfogfams ihcluding a data
entry subroutine 190 (Fig. 4), a sign layout subroﬁtine
192 (Fig. 5), a video display subroutine 191 (Fig. 6) and
a service interrupt subroutine 204 (Fig. 3) in carrying
out overlapped control of the keyboard 16, machine
conﬁrol processor 110, and thergraphics controller.83.

Turning now to Fig. 4, the data entry subroutine
190 begins by an operator making a stért command through
the keyboard 16 (step 200).° Next, the system micropro-
cessor 80 checks an interrupE flag line 201 (Fig. 3) to
determine whether the méchine control processor 110
requires attention (step 202). As discussed in more
detail below, the attention required by the machine
control processor 110 ié the transmission of a motion
command for the plotting or cutting tool of the machine
10 in accordance with thé sién text and layout (step
204a). When in need of such-a motion command, the
machine control processor 110 sets the flag and the
system miéroproceséor 80 services it (step 80) as discus-
sed in more detail below (step-204i). By way of example,
the fastest keyboard operator can input less than 10
characters per second so that the time between data

entries is typically greater than 100 milliseconds and



- .. 10250800

the time required by the encoder 17 operator interface
19 and set up buffer 74 to process the data entry is less
than 100 microseconds. Consequently, between each data
entry, there are more than 99 milliseconds per data entry
when the system microprocessor 80 is not required to
actively participate in the data entry operation and can
attend to the machine control processor 110. It should
be noted that until one sign has been layed out and its
data is subsequently stored in the plotter buffer 102,
the machine coptrol processor llO‘will not.ordinarily be
activated to request servicing. |

The machlne control processor 110 runs
asynchronously with the system mlcroprocessor 80 so that
the system microprocessor cannot ordxnarlly predlct the
timing of the 1nterrupts generated by the machine control
processor 110. If there was no 1nterrupt flag read in
the step 202, the system mlcroprocessor 80 proceeds tot '
read the keyboard encoder 29 outputs to determlne if the
operator has entered new data through the keyboard (step
206). If there has not been a data entry detected in
step 206 (step 208), the system mlcroprocessor 80 moves
back to the step 202 to again check the 1nterrupt l1ne
201. On the other hand, if there has been a data entry
(step 208), the system mlcrOprocessor 80 proceeds to
store the data entry 1n the set up buffer 74 (step 210).
I1f the operator has‘completed‘his or her data entry
- defining a sign (step 212), then the data entry sub—

routine 190 is done (step 213) and if not, the system
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microprocessor 80 loops back to the step 202 to again

check the interrupt line 201.

Next, through the keyboard 16, the operator may
direct the system microprocessor 80 to execute its sign

layout algorithm subroutine 192 and this step is labeled

220 in Fig. 5. After the layout subroutine is initiated,

the system microprocessof 80 executes one or a few steps
in its layout subroutine (step 222). Then the system
microprocessor 80 checks the interrupt line 201 (step
224) to determine whether the machine control processor
110 requires attention. A servicing subroutine (step
2043) will be discussed in more detail below. If there
was no interrupt flag on the interrupt line 201, the
system microproceséor moves back to the step 222 via a
step 228 to execute the next step or few steps in the
layout algorithm because at this stage the layout
algorithm has not yet-been completed'(step 228). 1If
there was an interruﬁtrflag,'the system microprocessor
services the interrupt (step 204b) as discussed in more
detail below and then loops back to the step 222. After
many iterations of steps 222-228 the layout algorithm is
completed (step 213).

Then the operator can command through the key-
board 16 that the sign data be transferred to the plotter
buffer 102 for use in a subsequent cutting or plotting
operation or can jnitiate the video display algorithm 191
(Fig. 6) to display the layed out sign on the video

monitor 13 (step 230). 1If the operator requests such a

. 0250800
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display, then the system microprocessor 80 activates the
graphics controller 83 (step 232), and then transmits a
vector to the graphics controller, (step 233). Then the
system microprocessor checks the interrupt line 201 (step
234) to determine whether the machine control processor
110 requires attention. If not, the system micropro-
cessor loops through the steps 234 and 233 and supplies
another vector to the graphics controller. The vectors
transmitted to the graphics controller 83 are similar to
those transmitted to the machine control processor except
that the graphics controller vectors are suitably scaled
to correspond to the relatively‘small screen size and are
translated to accomodate the display characteristics of
the screen. Upon receipt of each vector, the érabﬁics
controller 83 converts the information contained in the
vector to suitable control signals for the piciure tube
of the video monitor 13. After the entire layout has
beeﬁ displayed on the video monitor 13 (step 234) a
decision step 235 leads to the end of the display algo-
rithm 191 (step 236).

If the operator is satisfied with the iayout
displayed on the monitor 13, then, the operator may
instruct the system micfoprocessdrkSO'that the daﬁa
previously entered through the keyboard and the layout
data is acceptable for subsequent'cutting; "In which
case, the entered data and léyout are transferred to the
plotter buffer 102 to be used by the Sysﬁem micropro-

cessor 80 to direct a subsequeht cutting operation. I1f
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the layout displayed on the video monitor 13 is not
Vacceptable. the operator has the opportunity to return to
the step 200 of the data entry subroutiné 190 and enter
new data through the keyboard 16 to alter the sign
layout. By way of example, such new data may indicate
new sign text or designs, new line heights, new margin
sizes, or a new spatial factor. After the entry of new
data, the operator has the opportunity again to eiecute
another sign laybut subroutine by a suitable command
through the keyboard 16 (step 220) and another video
display subroutine 191.

After acceptable layout data has been stored in
the plotter buffer 102, the opérator has the opportunity
to signal the machine control processor 110 to begin
cutting one or more signs according to the data (step 260
of Fig. 7) and then enter new data defining another sign
to begin the process again. After signalling the machine
control, the machine control 110 begins its own plotting
subroutine 261 and determines whether its buffer 111 is
full (step 272). Because the buffer 1lll is noﬁ yet full,.
the microprocessor 110 requests a motion command 262 from
the system microprocessor 80 by setting the interrupt
line 201. In general the motion commands can take
several forms, for example, a vector which indicates a
starting point or COurse_for the cutting tool 12, a
command to lower the cutting tool into engagement with
the web material M br a command to rotate the cutting

tool to maintain the blade in alignment with the cutting
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direction. When the system microprocessor 80 reads the
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interrupt line 201 (steps 202,224 or 234), it temporarily
exits the subroutine that it is currently executing and
services the interrupt step 204 a, b or c. It should be
noted that when the system microprocessor 80 is not
involved in executing either subroutine 190, 191 or 192,
it nevertheless repeatedly monitors thé interrupt line
201 for interrupts from the machine control processor
110.

To service the interrupt, the microprocessor 80
stores all the data held in its arithmatic and logic unit
and ther volatile data existing at the interrupt point
in the subrutine which it is current}y_gxeéuting (the
data entry subroutine 190, the video @isplay'subrqutine_
101 or the sign layout subroutine 192) and also stores a
program counter indicating the step in the respective
subroutine where the microprocessor 80 leaves off. Then
the microprocessor 80 calculates the appropriate motion
command utilizing the info;ma;iog iq the plottgr buffer
102 and vectors from the previously selected font 96, 98
or 100 and transmits the vectors to the processor 110.
Then, the system microprocessor 80 stores in memory,
information indicating whege the system microprocgssor 80
leaves off in its supply of motion commands or other
vectors to the machine control processor 110.

The aforesaid algo;itbm 204 for servicing an
interrupt from the machine controlvp;ocessor 110 is

illustrated in Fig. 8. In the present example, the
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machine control processor 110 is requesting its first
motion command so that the system microprocessor 80
proceeds to state number 1 and'generates a start job
signal indicating that a new sign is to be cut. Then the
microprocessor 80 storeé a note (symbol 2) in its memory
that it has transmitted the start job signal to the
machine control processor 110. This notation step and
others following the transmittal of each motion command
are indicated schematiéally by an arrow 282 which serves
as a program counter indicating where the system micro-
proceséor 80 is to resume calculating the next motion
command upon recognition of the next interrupt on line
201. Then, the system microprocessor 80 returhs to the
subroutine that it was executing béfore interruption by
the machine control processor by the step 262 (either the
data entry subroutiné 190, the sign layout subroutine
192 or thé video display subroutine 191) and utilizes the
stored data and program counter of the subroutine to
determine where and how to continue.

Meanwhile the machine control processor 110 adds
the motion command to its buffer 111 (step 264 in Fig.
7). Fig. 7 also illustrates by a double lined arrow 265
the data flow to the machine control buffer 111. Next,
the machine control processor 110 determines whether the
tool 12 has completed a cutting stroke or contour indi-
cated by a vector stored in its buffer lll(step 268).
Because no such vectors have yet been transmitted to the

machine control prbcessor 110, the buffer 111 is not
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sufficiently engaged, and it is not yet tlne to drive the
X and Y servomotors 80 and Qd,lthe‘machine control pro—
cessor llO'loops back to the stepﬂ272.' Because its
contour buffer memory 111 1s not full the m1croprocessor
110 requests another motlon command from the system
mlcroprocessor 80 by sett1ng the 1nterrupt flag on the
data line 201.v When the sytem m1croprocessor 80 reads
the interrupt flag, it stores the,data’of_lts arlthmat1c
and logic unit, its progran'counter'forpthe suhroutine
that it is currently executingiand all other volatile“
data needed to resume the sub routlne later, and recalls
from 1ts memory the locatlon of the program gounter 282
which 1nd1cates where 1t left off w1th the calculatlon of
the last motion command. _In thls case, the system mrcro—
processor 80 recognlzes that 1t 1s t1me to send a vector
1nd1cat1ng the locatlon of the beglnnlng of the flrst
character of the first lrne of tegtx(statev2)“and based
| on the data‘contained in plotterjbutferllbz.andwthe ‘
selected font, calculates a”suitable vector,_transmlts it

to the machine control processor 110 and 1ncrements 1ts

i

program counter 282. The vector corresponds to the
displacement between the current locat1on of the cuttlng
tool 12 and the beginning of the flrst character Then,
the system mlcroprocessor 80 makes another note 1n its
memory (symbol 3 or the locatlon of the.program counter
282) indicating where it is to resume calculating a

vector upon the next 1nterrupt by the machlne control

processor 110, stores any data contalned in its
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arithmatic and logic unit needed for the subsequent
calculation and then returns to the subrouting which it
was executing before the interruption.

After receiving the vector from the system
microprocessor 80, the ﬁachine'control procéssor 110
stores the vector in its contour buffer 111 (step 264).
This vector indicates therfirst motion of the tool head
12: however, the:machine control processbr 110 will not
begin to move the tool 12 because its contour buffer does
not cohtain enough motion command'vectors to assure
continuous motion and so will loop back to the step 262
via the sieps 268 and 272. After many iterations through
the steps 272,262,264 and 268 and a like number of inter-
rupts to the system microprﬁcessoz 80, the contour buffer
lii of the machine control processor 110 is sufficiently
full to begin the cutting operation. At which time, as
indicated by step 270, the machine control processor 110
converts the first of its vectors to servomotor commands
for the X and Y motbrs to,begin,the'cuttihg operation.

As indicated by data lines 285 the machinercontrol pro-
cessor 110 reads the vectors from the contoﬁr buffer 266
and uses the vectors to make the appropriate servomotor
calculations. Afiet the X and Y motors are driven
according to the first vector, the machine control pro-
cessor loops back to the step 262 to get another vecéor
from the systemrmicroptocessor 80 to refill its contour
buffer (step 264). After the X and Y motors have com-

pleted the motion corresponding'to the first vector, the
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machine control processor generates new X and Y motor
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commands based on the second vector.

Fig. 8 1llustrates the othcr states in the
sequence of vector calculations made by the system micro-
processor 80 and transmissions to the machlne control
processor 110. After the vector indicating the location
of the beginning of the first character, the next vector
indicates the first stroke of cutting and the next vector
indicates the next stroke in cutting the first character
of the first line (state 4). The system microprocessor
typically remains in state 4 for a plurality of inter—
rupts and vector transmissions until the last Qector of
the character (state 5) is transmltted and then proceeds
to the state 3 1f there are other characters in the same
line, to the state 7 if there is another line to cut or
to the state 6 if there 1s no more text to be cut. After.
all the text is cut the system m1croprocessor proceeds
to state 8 to calculate and transmlt vectors defining
optional sign borders or other designs, and then to state
0 to await another set of motion commands for another'
sign. This other sign may be a repeat of the previous
sign or an entirely different sign.

By the foregoing, a sign generating apparatus
embodying the present invention has been disclosed.
However, numerous substitutions and modifications may be
made without deviating from the scope of the invention.

For example, if desired the machine control

processor 110 may be connected to the plotter buffer 102
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and to the fonts 96,98...100 via the font memory manager
93 to access the data contained therein and be programmed
to generate vectors and other motiqn cémmands without the
‘aid of the system microprocessor 80. In this alternate
embodiment, the machine chtrol prbcessor 110 would not
need to interrupt the system microprocessor 80 as in the
main embodiment described above to obtain vectors and
other motion commands and would be substantially self;
sufficient once the plotter buffer 102 is providedrwith
data defining a layed out sign. However, in this alter-
nate embodiment the systeﬁ'microprqcessor 80 and the
machine control procéssor 110 would have to coordinate
their access to the plotter buffer 102 and the font
memory manager 93 by suitable "busyféignals" presenteé by
the font memory manager 93 and plotter buffer 102 when
being accessed or controlled by either microprocessor.
Therefore, the aféresaid'detailed description
discloses répresentative embodiments of the invention the
scope of which invention being defined by the following

claims.
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IN THE CLAIMS

1. A sign generating apparatus having:

a keyboard (16) for entering first siqgn data and
second sign data,

a processor (B80) for supervising said first sign
data entry during first intervals and said secondvsiqn
data entry during second intervals, and

a cutter (150 for cutting a first sign based in
part on said first sign data and a second sign based in
part on said second sign data, and characterized in that

said processor (80) alsoc includes means for
supplying cuﬁting vectors to the cutter (1%5) in between
said second intervals, said cutting vectors defining said
first sign and indicating a cutting course for the
cutter, so that the cutter cuts said first sigh while

said second sign data is entered thfough said. keyboard

le.

2. A sign generating apparatus as set forth in
claim 1, characterized in that

the cutter (15) includes a generator (liO) for
generating an interrupt signal when a cutting vector is
required to further indicate the cutting course and for
transmitting said interrupt signal to said processor

(80), and
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said processor (80) includes a detector (202,
204a) for recognizing said interrupt signal and servicing
said cutter by providing said vector before said cutter

must halt due to lack of said cutting vectors.

3. A sign generating apparatus as set forth in
claim 2 characterized in that

said processor (80) is prog;ammed to respond to
said interrupt signals from said cutter before super-

vising the next data entry through said keyboard (16).

4. A sign ggne:ating apparatus as set forth in
claim 3 characterized in that

_said processo;r(BQ) sﬁpplies cutﬁingrvectors
defining the shape of sign characters iA the firstrand
second signs, and | o

ggidrcutter (iS) comp;iées a cutging togfr(SO),
X and Y motors (79,80) for moving saidrcuétiﬁg £ooi and
sign generating material (M) relative to one another in
an X-Y plane, and characterized by a buffer (lll)vfor
storing at any given time less than all_qf'the qutting
vectors defining thgrshape of said sign cﬁafaéters and
another processpn_(;lo) for converting said ve;tors to
motor control signals for said X and Y motéré to cause
them to move in a course corresponding to said sign

characters.
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5. A sign generating apparatus as set forth in
claim 1 characterized in that

said processor (805 is programmed to read and
store the first and second data entries in performing its

supervisory function.

6. A sign generating apparatus as set forth in

claim 5 further characterized by

first memory (74) controlled by said processor
(80) for storing said first sign data during entry of
said first sign data, and

second memory (102) controlled by said processor
(80) and connected in operative rélation with said first
memory for subsequently storing said first sign data,
said processor transferring said first sign data from
said first memory to said second nehéty before the cutter
cuts said first sign, said processor utilizing said first
sign data located in said second memory to determine said

cutting vectors for said first sign.

7. A sign generating apparatus as set forth in

claim 2, characterized in that
said processor also inéludes a subroutine (192)
for determining a first sign layout based on said first

sign data and a second sign layout based on said second

'sign layout.

)



8. A sign generatiné apparatus as set forth Q,?SOBOO
claim 7 characte:izeg”in that

the subroutine (192) includes a sequence of
program instructions which are followed during operation
of the subroutine; and

said subroutine includes a step (224) for inter-
fupting a carryout for determining said second sign |
layout in response to the interrupt by said cutter re-
questing a cutting vector defining said first sign and
for then returning to the layout operation of said sub-
routine at the program instruction in the.sequence where

it left off.

9. - A sign generating apparatus as set forth in
claim 8 characterized in that said processor (80) is.
programmed (Fig. 8) to store a program count and volatile
zdata,qor;qsponding?tgfaVprogram,instruction in sa}d.sup—
routine when interrupted by said.cutter, and after
.supplying said cutting vector to said cutter, responding
to said program countfaq@f§a§d goL@ti;g d@tatgo goptjnue
operation of said subroutine where it left off.

10. A sign generating apparatus as set forth in
claim 1 further characterized by

‘a display (83) connected in-operative relation
with said processor (80) and including a video monitor
for displaying said first and second signs, said

processor supplying display vectors defining said first
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and seéond sign layouts to the display, and wherein

the cutter includes means (110,201) for
generating an interrupt signal when it tgquires a cutting
vector to further indicate its cutting course and tran#-
mitting said interrupt signal to said processor, and

said processor includes means (234) for inter-
rupting its supply vectors to the display in response to
said interrupt signal and supplying a cutting vector to
said cutter defining said first sign and then auto-
matically returning to its supply of display vectors so
_that the display substantially continuously develops the

display of said second sign.

11. A sign generating apparatus as set forth in

claim 10 fu?ther characterized by
| a séore of different_fontsv(QG-loo) connected in
operative relation with said processdr (80) and defining
the shape of characters of said first And second sign
data, said processor including means (93) for accessing
said bank of fonts to support both its cutting vector
determination and its'displaying vector determinations.
I;. A process for efficiently making signs
utilizing a sign cutting apparatus (15), said process
comprising the following steps: ‘
making an entry of first data on a kéyboard
(16), said first data describing a“firét sign,

processing said first data to define a first

2
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sign layout based on saié first data,

transmitting cutting information defining a
portion of said first sign layout to said sign cutting.
apéaratus (15), and cutting a portion of said first sign

hakiﬁg a first entry of second data on said
keyboard (16), said second data describing at least a
portion of a second sign,

making a éecona'entry of second data on the
keyboard (16);'said second entry of second -data
describing another portion of said second sign
characterized in that
* ‘the step of transmitting cutting information to
said sign cutting apparatus {(15) is performed between the
gtepé of making the first and second entries of second

data.

.15. AéprbceSS as set forth in claim 15 further

comprisiné ﬁhe éﬁbsequehtiéteps of: |

o proceSéing a first portion of said second data
to define a portion of a second sign layout based on said
secoﬁd data éddkthéh pféceééing'a'Secohd portion of -said
secohd data to Béfihé'éhother'portion of the second sign
layout and characterized in that an additional step of
tfénsﬁitting cdﬁfing'informatioh defining a portion of
said first sigﬁ’iajodtdis pérformed between the steps of
pfoceséing the'fitéﬁﬁand‘sécohd portions of saié second

data.
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14. A process as set forth in claim 12 further

characterized by the step of:

transmitting an interrupt, from said sign
cutting apparatus (15, 110) to a controller (80)
responsible for the steps of transmitting said first
cutting information, to indicate a need for said first
information after the first step oi making said entry of
said second data and before the steb of transﬁitting said

first information.
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